This PDF file includes: Table S1 . Elemental analysis of PTI crystals using different synthesis conditions. Table S2 . Li and Cl content on PTI nanosheets. Table S3 . Performance of PTI nanosheet films incorporating m-PBI chains at different temperatures. Supplementary Note I. Carbon nitride membranes fabricated using polymeric melon Supplementary Note II. Ab initio simulation of interaction between CH4 and a PTI nanosheet Supplementary Note III. Calculation of activation energy Supplementary Note IV. Availability of pores of PTI nanosheets for transport of molecules Supplementary Note V. Use of m-PBI chains as spacers Fig. S1 . XRD of layered PTI platelets. Powder XRD pattern of crystalline PTI synthesized in a closed system (i.e., quartz ampule under vacuum) as reported originally by Wirnhier et al.(16) , and synthesized using the open system approach presented in this work. For the open system case, PTI from a large batch of 5.8 g of PTI was used for the measurement. The XRD measurements were done using the same conditions. S4 . PTI crystal size evolution with number of synthesis cycles. (A) PTI crystal size histogram for one synthesis cycle of 2 days using 500 mg of melamine as precursor. (B) PTI crystal size histogram for two synthesis cycles. The first one of 2 days using 500 mg of melamine as precursor and the second one for 6 days using a mixture of 500 mg of melamine and 100 mg of PTI crystals from the first cycle as precursor. 
Fig. S9. XPS spectra of PTI nanosheets. (A) Li and (B)
Cl spectra of PTI nanosheets purified using 3 centrifugation steps of 10 minutes each at 5000, 10000, and 15000 g respectively (purification protocol I). (C) Li and (D) Cl spectra of PTI nanosheets purified using a similar procedure but doing the last step at 15000 g for 3 hours instead to obtain predominantly single-layer PTI nanosheets (purification protocol II). Table S2 . Li and Cl content on PTI nanosheets. The analysis was carried out using the XPS data shown in fig. S9 . We note that the preparation type I was used to fabricate membranes by self-assembly. 
Supplementary Note I. Carbon nitride membranes fabricated using polymeric melon
Several reports claiming the synthesis and exfoliation of g-C3N4 actually dealt with polymeric melon with intralayer hydrogen bonding. This was clarified in a recent review paper that reported the misleading classification of many poly-heptazines as g-C3N4.(37) Simple pyrolysis of carbon nitride precursors will form a polymeric carbon nitride, referred to as melon, and not the expected graphitic structure. Any exfoliation attempt that disrupts the - stacking between the layers of polymeric melon with intralayer hydrogen bonding is also expected to break the hydrogen bonds within the layer, leading to amorphous structure. As a result, even though, synthesis of membranes based on polymeric melon has been recently demonstrated,(10, 54) size-sieving performance for gas molecules and ions in line with the triangular electron-density gap of g-C3N4 pores has not been reported. This can be achieved by synthesizing and exfoliating crystalline PTI which is one of the few carbon nitride materials with strong intralayer covalent bonds, making exfoliation of high-quality sheets possible.
Supplementary Note II. Ab initio simulation of interaction between CH 4 and a PTI nanosheet
For methane molecules, geometry optimization during the calculations is extremely important because it has a tetrahedral molecular geometry. CH4 needs to overcome a large energy barrier when its hydrogen atoms are aligned with the hydrogen atoms at the edge of the pore of the PTI nanosheet (Fig. S10A) . On the other hand, it is easily adsorbed when it rotates 60 ° to avoid the hydrogen atoms from PTI ( fig.   S10B ). Fig. S10C shows the PES profile for these two configurations of methane. It is evident that methane molecules can cross PTI nanopore in only a few of all its possible configurations.
Supplementary Note III. Calculation of activation energy
The permeance of gas molecules through the nanopores of PTI in the assembled membranes can be related to the activation energy for transport if the transport is temperature activated (Equation 4)
where is the pre-exponential factor, is the activation energy to translocate the pores, is the energy of adsorption on the PTI pore, R is the universal gas constant, and T is the operation temperature. 
Supplementary Note IV. Availability of pores of PTI nanosheets for transport of molecules
The gas permeance from self-assembled PTI films was lower than expected from films made with nanosheets containing >50% porosity. Ab-initio calculations show that small gases like He and H2 can freely transport across single-layer PTI sheets. The observed low permeance is likely due to the low amount of interconnected pore channels, in the packed film, that are large enough to allow the transport of gas molecules. PTI nanosheets pack very well with an interlayer spacing that is too small (d-spacing of 0.32-0.34 nm, fig. S11F ) to allow molecules to transport through the gaps between the sheets. Any misalignment in the stacking of the nanosheets will cause the partial or complete blocking of transport channels. Moreover, ions retained in PTI nanosheets, particularly in bi-layer and few-layer nanosheets, can block the transport pathways. A 900 nm thick PTI film is formed by stacking more than 2500 PTI nanosheets, and it takes only a few multilayer PTI nanosheets hosting ions or a few heavily misaligned nanosheets to block transport pathways.
Supplementary Note V. Use of m-PBI chains as spacers
Adding a small amount of m-PBI (ca. 0.06 mg/ml) to the dispersion of PTI nanosheets did not cause agglomeration of the nanosheets which motivated us to try to assemble them to form a composite structure in which m-PBI chains act as a spacer to the packing of PTI nanosheets. PBI can withstand harsh operation conditions and the interaction between m-PBI and PTI is expected to be good since both of them have functional groups capable of hydrogen bonding and both of them interact strongly with DMAc. The resulting membranes, fabricated by filtering 15 ml of a solution containing ca. 0.06 mg/ml of m-PBI and ca. 0.01 mg/ml of PTI nanosheets, were defect-free and yielded a good performance (Fig.   3 , and S13). A conservative PTI loading (wt%) in the final membranes of 16 % was calculated assuming all the m-PBI molecules are retained during the filtration.
We hypothesize three packing scenarios between the PTI nanosheets and the m-PBI chains ( fig. S15 ). In scenario 1, nanosheets are spaced apart with m-PBI chains. The membrane may contain phase-separated regions composed of a nanosheet rich phase where there is a stack of nanosheets without the polymer chains (scenario 2) or a polymer-rich phase without nanosheets (scenario 3).
We think that the arrangement and free-volume of m-PBI chains trapped between nanosheets is different than the bulk m-PBI film, which might have increased the transport of He and H2 through the freevolume of trapped m-PBI chains. PTI nanosheets are expected to interact favorably with m-PBI chains via H-bonding (N-H is present in both of them) and π-π stacking (benzene from m-PBI and triazine from PTI). Moreover, the most stable interaction between triazine and benzene rings is when they are parallel one on top of the other. (55,56) Such interactions can guide the m-PBI polymer chains to the surface of the PTI nanosheets, disrupting the packing of m-PBI chains that is observed in the bulk.
Overall, the separation performance of the hybrid PTI/m-PBI selective layer is dominated by the interconnected highly permeable regions where the PTI nanosheets are spaced apart by m-PBI chains. It is likely that the m-PBI spacer between the nanosheets possess higher free volume than that in the bulk m-PBI phase. Therefore, small molecules like He and H2 have enough space, thanks to the m-PBI spacer, to move and find a nanopore in the subsequent nanosheet to continue crossing the selective layer.
On the other hand, the larger molecules that require a very high activation energy to translocate PTI, have to go through the low-permeability m-PBI rich phase.
